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The lysoplate and turbidimetric assays have often been used to measure lysozyme in biological fluids, such
as blood and saliva. When the same purified lysozyme standard is used in both assays, results obtained with the
lysoplate assay are much higher than those obtained for the same sample in the turbidimetric assay. It is likely,
therefore, that other components in the biological fluid sample influence the expression of lysozyme activity in
one or both assays to produce such divergent results. Certain amines or polyamines are found in various
biological fluids and have the potential to influence the reactions in these two assay systems. It was the purpose
of this study to incorporate selected amines and polyamines into purified lysozyme preparations and saliva or
into the assay preparations to compare their effects on observed lysozyme activity between the two assay
systems. Results showed that when the amine or polyamine was included in the purified sample, lysozyme
activity was considerably greater than that of controls in the lysoplate assay, whereas a negligible effect was
observed in the turbidimetric assay. If the amine or polyamine was incorporated into the assay preparation,
results were more dramatic, with large increases in activity in the lysoplate assay and concomitant inhibition
in the turbidimetric assay. Similar effects were observed in the assay of lysozyme in saliva, suggesting a
potential mechanism by which the two assay systems produce markedly different results for the same sample.
The techniques generally used for the assay of lysozyme
(muramidase; EC 3.2.1.17) activity in biological fluids have
in common the lysis of Micrococcus lysodeikticus (M.
luteus), a gram-positive coccus. The turbidimetric assay (11,
14, 19) for lysozyme is based on the decrease in the optical
density of a suspension of M. lysodeikticus, and the lyso-
plate assay (1, 13, 15) is based on a zone of lysis of M.
lysodeikticus immobilized in an agarose gel. In studies in
which both assay techniques were used on the same sample
of biological fluid, the observed lysozyme activity in the
lysoplate assay was considerably higher than that observed
in the turbidimetric assay (7, 10) when compared with that of
the same standard lysozyme preparation. Such differences in
the results obtained with the two assay systems suggest that
there are factors in biological fluids that alter the observed
activity of lysozyme in one or both of the assay systems.
Since the lysoplate assay is dependent, in part, upon
diffusion of the sample through an agarose matrix, we
focused on factors which could influence the diffusion of
lysozyme through agarose and thus alter the assay results.
Lysozyme is a relatively basic protein (pI = 10.5), and the
agarose matrix is slightly acidic, based on the presence of
sulfate and carboxyl groups (17). It is therefore likely that
lysozyme diffusion through the agarose matrix might be
influenced by electrostatic interactions between the matrix
and the protein. Substances that compete with lysozyme for
the matrix might well influence its rate of diffusion and,
hence, the zone of lysis in the lysoplate.
Various amines and polyamines are present in blood (8,
12, 20) and saliva (3, 9). In stimulated mixed saliva, levels of
lysine and arginine were reported to range from 4 to 15 and
33 to 100 ,ug/ml, respectively (9), while in a subsequent study
(3), stimulated parotid saliva exhibited much higher quanti-
ties of these two amines (146 to 375 ,ig/ml). Putrescine in
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stimulated mixed saliva was reported to be present at about
7 ,ug/ml (8) in normal subjects. Spermine and spermidine, if
detectable, are present in very low quantities in stimulated
mixed saliva (8, 12). Putrescine and cadaverine are present
in dental plaque (5, 22) and have been reported to be present
at significantly higher levels in plaque from caries-resistant
individuals than in plaque from caries-susceptible individu-
als (22). Spermine and spermidine were present in smaller
amounts in both groups but were not significantly different
(22).
The present study was designed to explore and compare
the effects of biological amines and polyamines on the
activity of lysozyme as assayed in both the turbidimetric and
lysoplate systems.
MATERIALS AND METHODS
Freeze-dried M. lysodeikticus cells were a product of
Worthington Diagnostics. Hen egg white lysozyme, human
colostrum lysozyme, arginine, lysine, spermine (N,N'-bis
[3-aminopropyl]-1,4-butanediamine), Polybrene (1,5-dimeth-
yl-1,5-diazaundecamethylene polymethobromide; hexadi-
meth rinebromide), dextransulfate, putrescine (1,4-diamin-
obutane), and agarose (type 1; low electroendosmosis) were
purchased from 'the Sigma Chemical Co. Polylysine (Mr,
70,000) was a product of Miles-Yeda.
Whole human saliva was obtained by paraffin stimulation
(7). The turbidimetric assay for lysozyme was performed
essentially as described by Shugar (19) with a suspension of
30 mg of M. lysodeikticus cells per 100 ml in 0.1 M sodium
phosphate, pH 7.0. The decrease in A490 was monitored
using a Kontron 810/820 UV-VIS spectrophotometer. One
unit of activity was defined as a decrease of 0.001 absorb-
ance units/min at 25°C. Activity in the experimental samples
was expressed as micrograms of lysozyme per milliliter
relative to a standard preparation of human colostrum lyso-
zyme. The lysoplate assay was performed essentially as
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described by Osserman and Lawlor (15) with a final concen-
tration of 50 mg of M. lysodeikticus cells in 100 ml of 1.0%
agarose in 66 mM sodium phosphate, pH 6.6. The zones of
lysis were measured with a microcaliper after 18 h of
incubation at 25°C. The values were converted to micro-
grams of lysozyme per milliliter by reference to a standard
line obtained with a preparation of human colostrum lyso-
zyme. For both assays, reference lines were established by
linear regression. Units of activity were averaged for the
sample replicates, and the concentration was derived from
the standard reference line. The concentrations of the solu-
tions of human colostrum lysozyme and hen egg white
lysozyme were established by spectroscopy using a value of
2.63 A280 units for the hen egg white protein (2) and 2.55 A280
units for the human protein (21).
The monomeric amines lysine, arginine, spermine, and
putrescine and the polymeric amines polylysine and Poly-
brene were used as test agents in these studies. The latter
two agents were selected for study as models for basic
proteins that are present in saliva (16). Two different ap-
proaches were used to assess their effects on the activity of
lysozyme in the two assay systems. In the first approach,
which was intended to address the direct effect of the amine
or polyamine on lysozyme in a biological fluid, each of the
test agents was introduced into the lysozyme preparation at
the final concentration indicated in the tables and with a
change in volume of no more than 1%. In the second
approach, which was intended to more directly address the
mechanism of action of the amine or polyamine, arginine and
polylysine were introduced into the assay preparation at the
final concentrations indicated in the tables. In either ap-
proach, no lytic activity was observed in the absence of
lysozyme.
Correlations were determined where indicated by using
the Pearson product moment correlation coefficient.
RESULTS
Table 1 shows the effects of adding various basic amino
acids and polyamines to purified human colostrum lysozyme
on the observed lysozyme activity in the turbidimetric and
lysoplate assays. At a concentration of 10 ,ug of amine or
polyamine per ml in the sample, various increases (33 to
100%) were observed in lysoplate activity, whereas essen-
tially no effect was seen in turbidimetric activity. As a result
of the apparent differential effect of the amines on the two
TABLE 1. Effects of amines and polyamines on lysozyme
activity in lysoplate and turbidimetric assays: addition to
the sample
HCL activity (p.g/ml)b by Activity ratio
Sample assay method: (lysoplate/
Lysoplate Turbidimetric turbidimetric)
Control 37.4 41.3 0.91
Lysine 53.3 40.9 1.30
Arginine 51.3 43.6 1.18
Spermine 54.4 42.6 1.28
Putrescine 52.9 41.7 1.27
Polylysine 61.9 42.1 1.47
Polybrene 76.7 43.9 1.75
a Human colostrum lysozyme (42 ,ug/ml) diluted in deionized water. The
indicated compounds were added to the dilution to final concentrations of
10 Lg/ml.
Measured activity is based on the activity of human colostrum lyso-
zyme (HCL) standards as described in the text. Results reflect the averages
of three to six replicate assays.
TABLE 2. Effects of arginine and polylysine on assay of human
colostrum lysozyme in lysoplate and turbidimetric assay systems:
addition to the assay system
HCL activity (p.g/ml)'
HCL conlc Arginine Polylysine(p.g/mW)'
L T L T
84 141.4 81.7 412.7 46.2
63 95.1 59.6 353.1 39.4
42 76.4 37.5 153.0 25.4
25 31.2 26.0 98.1 13.5
8 7.1 9.1 15.3 3.8
a The lysozyme preparation used was human colostrum lysozyme (HCL)
at the indicated final concentrations. The experimental solutions were
prepared by dilution from a stock solution (250 Fg/ml). The concentration
of lysozyme in the stock solution of enzyme was established by direct
spectroscopy.
b The lysozyme samples were diluted to the final indicated concentrations
in deionized water and assayed in the presence of arginine (20-jjLg/ml final
concentration in the assay) or polylysine (10-,ug/ml final concentration in
the assay). Activity in the lysoplate (L) and turbidimetric (T) assay is
expressed relative to the activity of human colostrum lysozyme (HCL)
standards assayed in the absence of arginine or polylysine. Results reflect
the averages of three to six replicates.
assay systems, the ratio of observed activity in the lysoplate
assay to that observed in the turbidimetric assay increased to
a maximum of 1.75 with Polybrene present. Similar ratios
have been observed for the assay of lysozyme in serum (10)
and saliva (7). When basic amino acids or polyamines were
directly incorporated into the assay preparations at the same
concentrations, a much more marked effect was observed.
Results of experiments comparing arginine and polylysine
are shown in Table 2. With polylysine incorporated into the
assay system at the final concentration of 10 ,ug/ml, the
increase in activity was two to five times that observed in
lysoplates without added polylysine, with the greatest in-
creases observed at the higher lysozyme concentrations (63
and 84 ,ug/ml). Activity in the turbidimetric assay was
approximately 50% less with the addition of polylysine,
resulting in as much as a ninefold difference between results
from the two assay systems. The effect of arginine at a
concentration of 20 ,±g/ml was not as dramatic but followed
the same pattern as that exhibited by polylysine for the
lysoplate assay, and arginine exerted little effect in the
turbidimetric assay. Correlations of observed activity with
actual lysozyme concentrations were significant for polyly-
sine and arginine in both assays (r > 0.97, P < 0.002).
Similar results for both assays were obtained with hen egg
white lysozyme.
Since the greatest effect was observed with the two
macromolecular polyamines, polylysine and Polybrene, a
dose-response study was performed in which the concentra-
tions of both Polybrene and the lysozyme sample were
varied. Results for Polybrene are shown in Table 3. In
general, an increase in the lysoplate activity was observed
with increasing levels of Polybrene, whereas a concomitant
decrease in turbidimetric activity occurred. Observed activ-
ity correlated significantly with actual lysozyme concentra-
tions for all concentrations of Polybrene (r > 0.92, P < 0.03
for all comparisons). Respective increases or decreases
exhibited dose dependence on Polybrene. Correlations be-
tween Polybrene concentration (0 to 15 ,ug/ml) and observed
lysozyme activity were significant at all lysozyme concen-
trations in the turbidimetric assay (r < -0.94, P < 0.05) and
for 16, 31, and 42 ,ug of lysozyme per ml in the lysoplate
assay (r > 0.94, P s 0.05). Similar effects were observed
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with various concentrations of polylysine but to a lesser
magnitude (results not shown). The final experiments as-
sessed the effects of the amines and polyamines on the
observed lysozyme activity of saliva. These results are
shown in Table 4. The amine was either added to the saliva
sample or incorporated into the assay system before the
addition of saliva. As previously observed (7), there were
initial differences in results obtained in control samples
between the two assay systems. Enhancement of lysozyme
activity in the lysoplate assay was comparable to that seen
for purified lysozyme preparations. In the turbidimetric
assay, either no effect or enhancement of activity was
observed with the addition of amine or polyamine to the
sample. With addition to the assay preparation, results were
either negligible or, for polylysine and Polybrene, reflected
inhibition.
DISCUSSION
The results of the experiments described in this study
suggest that substances other than lysozyme in biological
fluids, such as blood or saliva, can contribute significantly to
the measurement of this enzyme by the commonly used
assay systems. This provides an explanation for the obser-
vation that the value for the concentration of lysozyme in
blood (10) or saliva (7) is higher when the lysoplate assay is
used than when the turbidimetric assay is used.
In the present study, the addition of amines or polyamines
to either the sample or the assay medium markedly increased
the observed activity of purified lysozyme in the lysoplate
assay compared with a standard value obtained in the
absence of such reagents. Either little effect or inhibition was
observed with these compounds in the assay of purified
lysozyme in the turbidimetric assay system.
The effect of polylysine on lysozyme activity in the
turbidimetric assay was previously reported (18). These
investigators reported that polylysine enhanced lysozyme
activity at low concentrations (<10 ,ug/ml) but that at 10
,ug/ml or greater inhibition similar to our present observa-
tions occurred. It was suggested that this inhibition reflected
competition of the basic polymer for acidic determinants on
the microbial cell surface.
All compounds tested enhanced the observed activity of
either human colostrum lysozyme or hen egg white lyso-
zyme in the lysoplate assay system, with the most significant
effect observed with either polylysine or Polybrene. As with
TABLE 3. Dose-response study of effect of Polybrene on activity
of human colostrum lysozyme in lysoplate and
turbidimetric assay systems
HCL activity (iigIml)b in the following system at indicated
final concn of Polybrene (,ug/ml):
Lysozyme
(p.g/ml)a Lysoplate Turbidimetric
5 10 15 5 10 15
84 176.7 224.1 667.2 61.9 31.0 13.3
63 117.2 105.8 474.5 47.8 23.9 8.0
42 65.7 70.3 113.3 40.7 13.3 5.3
31 59.3 63.5 80.6 19.9 9.3 5.3
16 36.8 43.6 92.3 9.7 7.1 3.5
aThe concentration (250 ,ug/ml) of the stock solution of enzyme in
deionized water was established by direct spectroscopy, and the indicated
dilutions were prepared in deionized water.
b Activity is expressed with respect to a human colostrum lysozyme
(HCL) standard assayed in the absence of any additive. Results reflect the
averages of three to six replicates.
TABLE 4. Effects of amines and polyamines on activity of
salivary lysozyme in lysoplate and turbidimetric assay systems
Salivary lysozyme activity (,ug/ml) in indicated
assay with addition tob:
Additive' Saliva Assay
L T L T
Nonec 10.9 3.1 13.7 5.8
Arginine 12.4 3.1 25.3 4.8
Lysine 14.4 3.1 24.0 5.6
Spermine 15.1 5.0 27.8 5.8
Polylysine 18.0 5.0 35.1 3.2
Polybrene 26.0 6.4 62.1 0.9
" The substance indicated was added either to the sample or to the final
assay mixture at a final concentration of 10 ,ug/ml. It was added to the
sample (whole saliva) by the addition of 10 pd of a 1.0-mg/ml solution to
990 Fil of whole saliva.
b The experiments involving the addition of the material to the sample
and to the final assay system were performed on different days with similar
(but not identical) starting samples of uncentrifuged whole saliva. L,
Lysoplate; T, turbidimetric.
' The control was whole saliva (uncentrifuged saliva) without any
additions.
the turbidimetric results, there is a reasonable explanation
for these results. Agarose can be considered to have a diffuse
negative charge which is a property of sulfate groups and
carboxyl groups (17). The absorption of lysozyme to an
agarose matrix has been reported to interfere with the
estimation of this protein by immunodiffusion techniques (6).
Furthermore, it has been demonstrated that the rate of
lysozyme diffusion in agarose is a property of the type of
agarose used to prepare the lysoplate (4). Given these
various observations, it is not unreasonable that the nega-
tively charged agarose matrix would retard the diffusion of
lysozyme, thus decreasing the size of the lytic circle mea-
sured in the lysoplate assay. In addition, it is likely that cell
wall fragments which also interact with lysozyme remain in
the agarose matrix, further preventing the diffusion of lyso-
zyme. The presence of amines and polyamines which com-
pete for these negatively charged sites would be expected to
increase the rate of diffusion of lysozyme and thus increase
the size of the lytic circle.
The effects of the amines or polyamines on observed
lysozyme activity in saliva were similar to those obtained for
purified lysozyme in the lysoplate assay. Activity was en-
hanced by all agents tested in approximately the same
proportions. In contrast, activity in the turbidimetric assay
was enhanced for saliva while essentially no effect was seen
for the purified lysozyme sample. We previously reported
that salt treatment of saliva resulted in increased lysozyme
activity in both assays (7), presumably by dissociation of
complexes between lysozyme and acidic macromolecules in
saliva, such as mucins. It is likely that the amines and
polyamines exert a similar effect on such complexes, thus
increasing the amount of active lysozyme available. If inhi-
bition also occurs, as with purified lysozyme, then both an
enhancing and an inhibitory effect may occur in the turbidi-
metric assay of whole saliva, with the net result being
dependent on the presence and concentrations of amines or
polyamines.
In conclusion, the results obtained with lysine, arginine,
spermine, putrescine, polylysine, and Polybrene clearly
show that factors other than lysozyme can markedly affect
the values obtained for the measurement of this enzyme in
either the lysoplate or the turbidimetric assay system and
that evaluation of the results obtained with biological fluids
J. CLIN. MICROBIOL.
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using these assay systems must include the consideration of
the potential contribution of such factors.
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